Sortase A as a cross-linking enzyme in tissue engineering.
The bacterial ligase Sortase A (SA) and its mutated variants have become increasingly popular over the last years for post-translational protein modifications due to their unparalleled specificity and efficiency. The aim of this work was to study SA as a cross-linking enzyme for hydrogel-based tissue engineering. For this, we optimized SA pentamutant production and purification from E. coli to achieve high yields and purity. Then using hyaluronan (HA) as a model biopolymer and modifying it with SA-substrate peptides, we studied the cross-linking kinetics obtained with SA, the enzyme stability, cytocompatibility, and immunogenicity, and compared those to state-of-the-art standards. The transglutaminase activated factor XIII (FXIIIa) was used as the reference cross-linking enzyme, and the clinical collagen scaffold Chondro-Gide (CG) was used as a reference biocompatible material for in vivo studies. We found SA could be produced in large amounts in the lab without special equipment, whereas the only viable source of FXIIIa is currently a prescription medicine purified from donated blood. SA was also remarkably more stable in solution than FXIIIa, and it could provide even much faster gelation, making it possible to achieve nearly-instantaneous gel formation upon delivery with a double-barrel syringe. This is an interesting improvement for in vivo work, to allow in situ gel formation in a wet environment, and could also be useful for applications like bioprinting where very fast gelation is needed. The cytocompatibility and lack of immunogenicity were still uncompromised. These results support the use of SA as a versatile enzymatic cross-linking strategy for 3D culture and tissue engineering applications. Enzymatic crosslinking has immense appeal for tissue engineers as one of the most biocompatible methods of hydrogel crosslinking. Sortase A has a number of unique advantages over previous systems. We show an impressive and tunable range of crosslinking kinetics, from almost instantaneous gelation to several minutes. We also demonstrate that Sortase A crosslinked hydrogels have good cytocompatibility and cause no immune reaction when implanted in vivo. With its additional benefits of excellent stability in solution and easy large-scale synthesis available to any lab, we believe this novel crosslinking modality will find multiple applications in high throughput screening, tissue engineering, and biofabrication.